Abstract
Introduction

35
Parental investment is stated as an investment by the parent in the young that increases the young's 36 chance of survival at a cost to the parent's future ability to invest in other offspring (Trivers 1972;  37 Smiseth et al. 2012) . Thus, an individual should only invest into providing parental care when the 38 fitness benefits are greater than the costs. The amount of care that a parent should provide is 39 constrained by a series of factors, but mostly by factors that affect the reproductive value of current 40 young, and factors that affect the residual reproductive value of parents (Klug et al. 2012) . From a 41 male parent perspective, the reproductive value of a brood should depend on the benefit that the 42 offspring will gain from his paternal care conditional on the relatedness between the offspring and 43 himself; a relationship known as Hamilton's rule (Hamilton 1964a; Hamilton 1964b ). However, the 44 male's relatedness to offspring in a brood is frequently uncertain, as females often produce extra-pair 45 offspring. Extra-pair paternity is a common phenomenon across animals (e.g., reptiles: reviewed by
46
Uller and Olsson 2008; fish: reviewed by Coleman and Jones 2011, and it has been extensively 47 investigated in birds, reviewed by Griffith et al. 2002) . Given the costs that parental care should exert 48 ), the amount of paternal care should be related to a male's certainty of paternity 49 (Trivers 1972 ). This intuitive relationship has received large theoretical and empirical attention 
52
Different types of theoretical models have three main predictions concerning the intra-specific 53 question of whether males should adjust paternal care when paternity is uncertain. First, an initial set 54 of models predicted that loss of paternity may seldom or rarely influence paternal care (Maynard 55 Smith 1978; Grafen 1980) . These early models assumed that there is no paternity evaluation, and the 56 only cost of paternal care is time-out from the mating pool. A second group of models predicted that 57 males should decrease their total paternal care towards a brood when certainty of paternity is low (Xia 
63
Numerous empirical studies have tested whether a negative relationship between paternal care 64 and loss of paternity exists (hereafter, the certainty of paternity hypothesis) (reviewed in Griffin et al.
65
2013). While there is general meta-analytic support for the certainty of paternity hypothesis (Griffin et 66 al. 2013), there is also unexplained variation that may be caused by the sampling design of the study.
67
The discussions on what approaches are most appropriate to examine the certainty of paternity 
78
for an example of the first approach).
79
The aim of this study was to test whether males reduce their paternal care (i.e. certainty of 80 paternity hypothesis) or not when their share of paternity decreases in a brood. To achieve this aim, we 81 conducted a field study that replicated the seminal investigation by Burke et al. (1989) of paternity and 82 paternal care in the dunnock, Prunella modularis, using a population introduced into New Zealand.
83
Dunnocks breed in 'cooperatively' polyandrous groups, and females copulate with several males; both
84
their social partners and extra-group males (Burke et al. 1989; Santos et al. 2015a) . It has been shown 85 (Davies 1992 ) that male dunnocks provide paternal care in relation to their share of mating access with 86 5 a female. More specifically, this only occurred in polyandrous and polygynandrous groups when a 87 second male also fed the young (Davies 1992 
123
We filmed nests on two consecutive days (nestlings age: 8 and 9 days). Chick age had very little, and 
132
Statistics
133
We analysed our paternal care data using Bayesian mixed-effects models (BMM), with Poisson error 
161
We built another model with number of visits of socially monogamous males as the response variable.
8
In this model, we used three fixed effects: within-male within pair deviation, within-male but between 163 pair deviation, and between males. In addition to male identity and nest identity, we included pair 164 identity as another random effect.
165
Finally, to account for the multilevel nature of our data, we included male identity and nest
166
identity as random effects in all the models. We estimated the repeatability of paternal care in order to 167 assess individual male consistency among different breeding attempts (see Supporting Information S1 no evidence of extra-group paternity, but the authors found that dominant co-breeding males in 177 socially polyandrous groups were more likely to feed young in broods in which they gained paternity.
178
In order to provide a similar analysis to that conducted by Burke et al. (1989) on whether subordinate 179 males were less likely to provide care when they gained no paternity, we also investigated whether
180
there was a difference in the number of visits by subordinate males that gained paternity in a brood,
181
versus those that did not gain any paternity. This analysis was achieved using an exposure Poisson
182
BMM, fitting whether subordinate males gained paternity or not as a categorical predictor.
183
We investigated whether paternal care was beneficial to broods by estimating the effect of the 
190
To assess whether paternal care is costly to males, we estimated a male's survival until the 
200
Results
201
General results
202
In total, we obtained 357 hours of paternal care footage, recorded from 66 unique nesting attempts that 
225
We found that individual monogamous males adjusted their paternal care within-pairs (W mp ; 
230
In socially polyandrous groups, specifically, we found little evidence of an effect of the 
239
Paternal care: its benefits to offspring and its costs to paternal males
240
We found evidence that increments in male relative participation to total nest visitation increased 
246
Discussion
247
In this study, we tested whether dunnock males reduce their paternal care (i.e., certainty of paternity 
267
Interestingly, our observations lead to a situation analogous to the "negotiation continuum" over the 
269
In addition to the within-male within-pair adjustment of paternal care exhibited by socially 270 monogamous males, we found that these males' relative participation in nest visitation has an 271 important effect on fledging success. The combination of these two findings indicates that when
272
socially monogamous females engage in extra-pair behaviour, they put their own broods at risk. 
280
Interestingly, our results do not bear similarities to another dunnock study. Davies et al.
281
(1992) did not find evidence that the experimental removal (and subsequent loss of paternity to extra- 
289
Contrary to Burke et al. (1989) , which reported that polyandrous males that gained paternity 290 in their broods (dominant vs. subordinate males) were more likely to feed offspring than males that did 291 not gain paternity, we found little evidence that polyandrous males adjusted their levels of care in 292 relation to loss of paternity to both subordinate and extra-group males. Furthermore, the repeatability 293 of paternal care was high among co-breeding males in socially polyandrous groups, indicating that 294 males consistently provided similar levels of care in different breeding attempts. Given the previous 295 findings and the biology of dunnocks, we found our results to be unexpected. We could simply
296
attribute the discrepancy to differences in demography, and ecology between the two populations (our 297 study vs. the Cambridge study). Nevertheless, we expected that co-breeding male dunnocks would be 298 able to assess their risk of being cuckolded (i.e. having information on female promiscuity), because
299
of the high levels of mate guarding in this species (see Davies 1992) . Possibly, males have information 300 about the risk of being cuckolded, but lack the ability to recognize their own offspring in a brood.
301
Thus, adjustment of paternal care could be maladaptive, because males would reduce care to their own 
306
Under this scenario, changes in paternity between breeding attempts of a male should not influence 307 how much care he provides.
308
Similarly to dunnocks, in the reed bunting, Emberiza schoeniclus, an early study found 309 evidence for the certainty of paternity hypothesis (Dixon et al. 1994) , whereas a more recent 310 investigation did not (Bouwman 2005 ). In the latest reed bunting study (Bouwman 2005 
